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METHOD OF FORMING A MAGNETIC
TUNNEL JUNCTION STRUCTURE

1. FIELD

The present disclosure is generally related to a system and
method of forming a magnetic tunnel junction structure.

II. DESCRIPTION OF RELATED ART

In general, a magnetic tunnel junction (MTJ) structure is
deposited on a substrate by depositing multiple film layers,
including different types of magnetic materials. The MTJ
structure includes a reference magnetic layer (i.e., a fixed
layer) that is pinned to anti-ferromagnetic film by annealing
to have a fixed orientation. The MT1J structure also includes a
barrier layer (oxidation layer) to provide a tunneling junction
and a free layer that has a magnetic orientation, which can be
changed by applying a particular electrical current to the MTJ
structure. The MT1J structure typically also integrates metallic
conductors, such as Tantalum (Ta), Ruthenium (Ru), Tita-
nium (T1), other electrically conductive materials, or any
combination thereof. Such metallic conductors can beused as
a bottom electrode and a top electrode for reading a data bit
from or writing a data bit to the MTJ structure.

For advanced technologies, for example, 65 nm and
beyond, the MTJ structure is defined by incorporating an
advanced patterning film (APF), such as amorphous Carbon
(C), for accurate control of dimensions. This APF is applied
along with a hard mask and an anti-reflective coating layer for
pattern definition. Conventionally, after deposition of the
multiple MTJ film layers and a cap film layer, the fabrication
process includes depositing an APF layer, a hard mask layer,
and anti-reflection layer with photo-resistive material (i.e., an
anti-reflection layer can reduce pattern distortion by reducing
light reflection in lithography patterning processes) to form a
multi-layer MTIJ structure. A lithography patterning process
(i.e., a photo patterning and etching process) is applied to
selectively remove portions of the multi-layer structure. In
particular, the lithography process uses light to transfer a
pattern definition to a light-sensitive chemical (photo-resist,
or simply “resist”) layer and through a hard mask and an
advanced patterning film layer (i.e., the APF layer) onto the
structure. The lithography process also includes exposing the
patterned structure to a series of chemical treatments that
engrave the pattern definition into the material underneath the
photo-resist layer.

Typically, etch rate differences between the film stack of
the MTJ structure and the hard mask result in a top electrode
film being used as another hard mask for the etching process
of'the MT1J structure. In particular, during the chemical etch-
ing and clean treatments, portions of the top electrode film
may be exposed. Such exposed portions of the electrode film
are prone to oxidation. Oxidation causes an oxide film (i.e.,
electrically insulating film layer) to form on the metallic
electrode. Additionally, such exposure of portions of the top
electrode film can damage the electrode, such as by causing
erosion, oxidation, corner rounding (i.e., erosion of the elec-
trode edges, which may expose a sidewall of the MTJ), or any
combination thereof. Such damage can impact a contact resis-
tance of the MTIJ structure and potentially even expose or
damage the MTJ junction. Hence, there is a need for an
improved method of forming an MTJ structure.

1II. SUMMARY

In a particular embodiment, a method is disclosed that
includes forming a magnetic tunnel junction (MTJ) structure
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including a conductive layer on a substrate. The method also
includes depositing a sacrificial layer on the conductive layer
before depositing a patterning film layer.

In another particular embodiment, a method is disclosed
that includes depositing a first electrode on a substrate and
forming a magnetic tunnel junction (MTJ) structure on the
first electrode. The MTJ structure includes a tunnel barrier
layer sandwiched between two magnetic layers. The method
further includes depositing a second electrode on the MTJ
structure and depositing a sacrificial cap layer on the second
electrode before deposition of an advanced patterning film
layer. The sacrificial cap layer is adapted to reduce oxidation
and erosion of the second electrode during at least one pat-
terning process.

In still another embodiment, a method is disclosed that
includes forming a magnetic tunnel junction (MTJ) structure
including a tunnel barrier layer between two magnetic layers.
The method further includes depositing a top electrode on the
MT]J structure and depositing a sacrificial cap layer onto the
top electrode before depositing an advanced patterning film
layer onto the top electrode.

One particular advantage provided by embodiments of the
disclosed methods of forming a magnetic tunnel junction
(MTI) structure is that a sacrificial cap layer protects a top
electrode of the MT1 structure during a photolithography (or
photo-etching) process to reduce oxidation, erosion and cor-
ner rounding.

Another particular advantage is provided in that a sacrifi-
cial layer that is deposited on a top electrode, before applying
an advanced patterning film for photo-etching, reduces
recesses at a sidewall of the MTJ structure. In a particular
example, the sacrificial layer reduces undesired erosion or
etching of the top electrode and of the sidewalls of the MTJ
structure during a top cap layer etching process that opens a
contact window for the top electrode.

Still another particular advantage is provided in that a
second top electrode clean and deposit process window is
improved, i.e., enlarged, and the overall reliability of MTJ
process and resulting MTJ structure is also improved.

Other aspects, advantages, and features of the present dis-
closure will become apparent after review of the entire appli-
cation, including the following sections: Brief Description of
the Drawings, Detailed Description, and the Claims.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional diagram of a particular illustra-
tive embodiment of a conventional arrangement of deposit
layers during formation of a representative magnetic tunnel
junction (MTIJ) structure;

FIG. 2 is a cross-sectional diagram of the representative
MT]J structure of FIG. 1 after patterning and removal of
excess material illustrating corner rounding of a top electrode
layer;

FIG. 3 is a cross-sectional diagram of the representative
MT] structure of FIG. 2 after deposition of a spacer layer, an
inter-layer dielectric layer, and Chemical Mechanical Pla-
narization open MTJ contact window;

FIG. 4 a cross-sectional diagram of the representative MTJ
structure of FIG. 3 after deposition of a second electrode
illustrating damage to the MTJ structure;

FIG. 5 is a cross-sectional diagram of a particular illustra-
tive embodiment of a magnetic tunnel junction (MTJ) struc-
ture, including a sacrificial layer;

FIG. 6 is a cross-sectional diagram of the MTJ structure of
FIG. 5 after patterning and removal of photo-resist and anti-
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reflective coating layers and removal of portions of an
advanced patterning film (APF) layer, a sacrificial layer, and
a top electrode;

FIG. 7 is a cross-sectional diagram of the M'TJ structure of
FIG. 6 after removal of a hard mask layer and the APF layer;

FIG. 8 is a cross-sectional diagram of the M'TJ structure of
FIG. 7 after applying a pattern definition using the sacrificial
layer and the top electrode as a hard mask and after removing
portions of an MTJ stack according to the pattern definition;

FIG. 9 is a cross-sectional diagram of the M'TJ structure of
FIG. 8 after deposition of a spacer layer and an inter-layer
dielectric layer;

FIG.10is across-sectional diagram of the MTJ structure of
FIG. 9 after removal of a portion of the inter-layer dielectric
layer to expose a portion of the spacer layer;

FIG. 11is across-sectional diagram of the MTJ structure of
FIG. 10 after a chemical-mechanical polishing (CMP) pro-
cess to expose the top electrode at a planar surface of the
substrate or after blank etching to remove the spacer layer and
the sacrificial layer;

FIG.12is across-sectional diagram of the MTJ structure of
FIG. 11 after deposition of a second electrode to form an MTJ
cell;

FIGS. 13 and 14 are flow diagrams illustrating a particular
embodiment of a method of forming a magnetic tunnel junc-
tion (MTJ) cell on a substrate;

FIG. 15 is a flow diagram of a second particular illustrative
embodiment of a method of forming an MTJ cell on a sub-
strate; and

FIG. 16 is a block diagram of a representative wireless
communications device including a memory device having a
plurality of MT1J cells.

V. DETAILED DESCRIPTION

FIG. 1 is a cross-sectional diagram of a particular illustra-
tive embodiment of a conventional arrangement of deposit
layers of a representative magnetic tunnel junction (MTJ)
structure 102. In general, the MTJ structure 102 includes a
bottom electrode 104 and a magnetic tunnel junction (MTJ)
stack 102 that is deposited on the bottom electrode 104. The
MT]J stack 102 includes multiple layers including a first fer-
romagnetic layer 110, a tunnel junction or tunnel barrier layer
112, and a second ferromagnetic layer 114, where the tunnel
barrier layer 112 is sandwiched between the first and second
ferromagnetic layers 110 and 114. The first ferromagnetic
layer 110 and the second ferromagnetic layer 114 can be
referred to as a reference layer (i.e., a fixed layer) and a free
layer, or vice versa. The MTJ structure 102 further includes a
top electrode 106 deposited on the MTIJ stack 102 and an
advanced patterning film (APF) layer 108 deposited on top of
the top electrode 106.

In a particular example, a hard mask 116 may be deposited
on the APF layer 108 and a bottom anti-reflective coating
(BARC) and photo-resist 118 is deposited on top of hard
mask 116. A pattern is lithographically defined on the photo-
resist 118 and the pattern is transferred to the hard mask 116.
The hard mask 116 transfers the pattern to the APF film layer
108. Portions of the APF film layer 108, the top electrode 106,
and the MTIJ stack 102 may be removed according to the
pattern definition to form the MTJ structure 200 of FIG. 2.

FIG. 2 is a cross-sectional diagram of a patterned MTJ
structure 200 that is formed by removal of the APF film layer
108 and removal of portions of top electrode layer 106 and the
MT]J stack 102. The MTTJ structure 200 includes the bottom
electrode 104, a patterned MT1J stack 102, and a top electrode
106. The top electrode 106 exhibits characteristic corner
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4

rounding and oxidation 202. The oxidation 202 may intro-
duce an electrically insulative layer on at least a portion of a
surface of the top electrode 106. Such oxidation may
adversely impact an electrical connection between the top
electrode and another electrical conductor.

FIG. 3 is a cross-sectional diagram of a representative MTJ
structure 300, which corresponds to the patterned MT1J struc-
ture 200 illustrated in FIG. 2, after deposition of a spacer layer
302 and an inter-layer dielectric layer 304, then a Chemical
Mechanical Planarization or blank etching is performed to
remove a portion of the inter-layer dielectric layer 304 and the
spacer layer 302. The MTI structure 300 includes the bottom
electrode 104, the MTJ stack 102 and the top electrode 106.
The top electrode 106 exhibits corner rounding and oxidation
202. Additionally, the corner rounding and oxidation 202
have exposed a portion of the MT1J stack, as indicated at 306.

FIG. 4 a cross-sectional diagram of a representative MTJ
structure 400 corresponding to the MTJ structure 300 of FIG.
3, after deposition of a second electrode 402. In this example,
even when a pre-clean process is performed to remove the
oxide 202, the oxide 202 may not be removed completely or
the recess at 306 may be increased. The MT]J structure 400
includes the bottom electrode 104, the MT1J stack 102, the top
electrode 106, a spacer layer 302, and an inter-layer dielectric
layer (IDL) 304. The second electrode 402 is deposited on the
top electrode 106, the spacer layer 302, and the IDL. 304. The
exposed portion 306 of the MTJ stack 102 may reduce a
distance between the second electrode 402/top electrode 106
and a tunnel barrier (i.e., the tunnel barrier 112 illustrated in
FIG. 1) within the MT1J stack 102. This reduced distance may
have an undesired influence on performance of the MTJ struc-
ture 400 during operation. In particular, the exposed portion
306 of the MTJ stack 102 may have an undesired impact on
contact resistance and may potentially expose or damage the
tunnel junction (i.e., the tunnel barrier 112 illustrated in FI1G.
1) within the MTJ stack 102.

FIG. 5 is a cross-sectional diagram of a particular illustra-
tive embodiment of a magnetic tunnel junction (MTJ) struc-
ture 500 including an arrangement of deposit layers on a
substrate. The MTJ structure 500 includes a bottom electrode
502 and an MTJ stack 504 deposited on the bottom electrode
502. The MT]J stack 504 includes multiple layers including a
first ferromagnetic layer 516, a tunnel junction or tunnel
barrier layer 518, and a second ferromagnetic layer 520,
where the tunnel barrier layer 518 is sandwiched between the
first and second ferromagnetic layers 516 and 520. The first
ferromagnetic layer 516 and the second ferromagnetic layer
520 can be referred to as a reference layer (i.e., a fixed layer)
and a free layer, or vice versa. The MTJ structure 500 further
includes a top electrode 506, a sacrificial layer 508 deposited
on the top electrode 506, an advanced patterning film (APF)
510 deposited on the sacrificial layer 508, a hard mask 512
deposited on the APF 510, and a photo-resist (PR)/bottom
anti-reflective coating (BARC) layer 514 deposited on the
hard mask 512.

In a particular embodiment, the top electrode 506 and the
bottom electrode 502 are deposited from Tantalum (Ta), Tita-
nium (T1), Ruthenium (Ru), other conductive metals, or any
combination thereof. In a particular embodiment, the sacrifi-
cial layer 508 can be deposited of Silicon Oxynitride, Silicon
Carbon, Silicon Nitride, Titanium Nitride, or any combina-
tion thereof.

In a particular embodiment, after deposition of the bottom
electrode 502, the M'TJ stack 504, and the top electrode 506,
the sacrificial layer 508 is deposited on the top electrode 506.
The sacrificial layer 508 may be a thin layer of a chemical
nature that is similar to a spacer layer or a capping layer and
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that has little or no impact on an accuracy of a pattern defi-
nition applied during a lithographic process. In a particular
embodiment, the sacrificial layer 508 is selected to have a
photo resolution having a range of approximately 10 ang-
stroms to approximately 5000 angstroms.

A magnetic anneal process may be applied to the MTJ
stack 504 to orient a magnetic domain (i.e., to set or orient a
direction of a magnetic field) associated with at least one of
the ferromagnetic layers, such as the reference layer (fixed
layer) 516. The APF 510, the hard mask 512 and the
PR/BARC layer 514 are deposited on the sacrificial layer 508.
In a particular example, the BARC may be a Silicon Oxyni-
tride. A pattern definition is applied using a lithographic
process and a hard mask etch process is performed on the
MT] structure 500 according to the pattern definition and the
hard mask 512.

FIG. 6 is a cross-sectional diagram of a patterned MTJ
structure 600 that represents the MTJ structure 500 of FIG. 5
after patterning and removal of photo-resist and anti-reflec-
tive coating layers 514 and removal of portions of the pattern-
ing film 510, the sacrificial layer 508, and the top electrode
512. The MT]J structure 600 includes the bottom electrode
502 and the MT]J stack 504. The MTJ structure 600 also
includes a top electrode 606, a sacrificial layer 608, an
advanced patterning film (APF) layer 610 and the hard mask
512.

In a particular illustrative embodiment, a second etching
process is applied to define a pattern on the APF 610, the
sacrificial layer 608, and the top electrode 606. The hard mask
512 and the APF 610 are stripped, leaving the sacrificial layer
608 and the top electrode 606 as a hard mask, as illustrated in
FIG. 7.

FIG. 7 is a cross-sectional diagram of a magnetic tunnel
junction (MTJ) structure 700 that represents the MTJ struc-
ture 600 of FIG. 6 after removal of the hard mask layer 512
and the advanced patterning film (APF) 610. The MT]J struc-
ture 700 includes the bottom electrode 502, the MTJ stack
504, the top electrode 606 and the sacrificial layer 608. The
sacrificial layer 608 and the top electrode 606 serve as a hard
mask during a third MTJ etching process to transfer pattern
definition on the MT1J stack 504 and optionally to the bottom
electrode 502. Portions of the MTJ stack 504 and optionally
the bottom electrode 502 may be removed according to the
pattern definition, resulting in patterned MTJ structure as
illustrated in FIG. 8.

FIG. 8 is a cross-sectional diagram of a patterned magnetic
tunnel junction (MTJ) structure 800 that represents the MTJ
structure 700 of FIG. 7 after applying a pattern definition
using the sacrificial layer 608 and the top electrode 606 as a
hard mask and after removing portions of the MTJ stack 504,
according to the pattern definition. In a particular embodi-
ment, application of the pattern definition may also result in
removal of a portion of the bottom electrode 502. The MTJ
structure 800 includes the sacrificial layer 608, and top elec-
trode 606, an MT1J stack 804, and the bottom electrode 502.
The MT1J stack 804 represents a patterned version of the MTJ
stack 504 illustrated in FIGS. 5-7. During the MTJ etching
process, in a particular embodiment, a portion of the pat-
terned sacrificial cap layer 608 may be lost, resulting in corner
rounding and/or oxidation 802 of the sacrificial layer 608, but
not the top electrode 606.

FIG. 9 is a cross-sectional diagram of a magnetic tunnel
junction (MTJ) structure 900 representing the MT1J structure
800 of FIG. 8 after deposition of a spacer layer 902 and an
inter-layer dielectric layer 904. The MTJ structure 900
includes the bottom electrode 502, the MT1J stack 804, the top
electrode 606, the sacrificial layer 608, the spacer layer
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(spacer cap film layer) 902 and the inter-layer dielectric layer
904. In a particular example, the spacer layer 902 and the
sacrificial layer 608 may be formed from the same material,
such as Silicon Oxynitride, Silicon Carbon, Silicon Nitride,
Titanium Nitride, or any combination thereof. The inter-layer
dielectric layer 904 is a dielectric film. In a particular embodi-
ment, the inter-layer dielectric layer 904 can include any
suitable dielectric material conventionally employed in the
manufacture of semiconductor devices, including materials
having a dielectric constant of about 3.9 or less (i.e., low-k
dielectric layers) to insulate one conductive layer from
another. In a particular embodiment, the inter-layer dielectric
material 904 is deposited from Silicon Dioxide. The forma-
tion of such dielectric layers or films is common in the semi-
conductor industry and the deposition procedures are familiar
to those inthe art. In a particular embodiment, the spacer layer
902 and the inter-layer dielectric 904 are deposited to protect
the MT1J stack 804, and, in particular, to protect the sidewalls
of the MTJ stack 804.

FIG. 10 is a cross-sectional diagram of a magnetic tunnel
junction (MTJ) structure 1000 that represents the MTJ struc-
ture 900 of FIG. 9 after removal of a portion of the inter-layer
dielectric layer 904 to expose a portion 1002 of the spacer
layer 902. In particular, a chemical-mechanical polishing
(CMP) process is applied to the MT1J structure 900 illustrated
in FI1G. 9, to remove portions of the inter-layer dielectric layer
904 to define a processed inter-layer dielectric layer 1004.
The CMP process is stopped at the spacer layer 902 after a top
portion 1002 of the spacer layer 902 is exposed.

FIG. 11 is a cross-sectional diagram of a magnetic tunnel
junction (MTJ) structure 1100 that represents the MTJ struc-
ture 1000 of FIG. 10 after a Chemical-Mechanical Planariza-
tion (CMP) process is applied and etching is performed to
expose the top electrode 606 or after blank etching to expose
the top electrode 606 at a planar surface 1102 of the substrate.
The MTI structure 1100 includes the bottom electrode 502,
the spacer layer 902, the MTJ stack 804, the inter-layer
dielectric layer 1104, and the top electrode 606. The top
electrode 606 is exposed at the planar surface 1102 of the
inter-layer dielectric layer 1104, which is substantially even
with the spacer layer 902 to define the planar surface 1102.

FIG. 12 is a cross-sectional diagram of a MTJ structure
1200 that represents the MT1J structure 1100 of FIG. 11 after
a cleaning process is performed and after deposition of a
second top electrode 1202 to form an MTJ cell. The MTJ
structure 1200 includes the bottom electrode 502, the spacer
layer 902, the MTIJ stack 804, the top electrode 606, the
inter-layer dielectric layer 1104, and the second top electrode
1202, which is deposited on the planar surface 1102. In gen-
eral, the planar surface 1102 (of the MTIJ structure 1100
illustrated in FIG. 11) is cleaned and the second top electrode
1202 is deposited on the planar surface 1102 to form an MTJ
cell, which is configured to store a data value. In a particular
embodiment, another photo and etch process may be applied
to etch the top electrode 1202, the bottom electrode 502, or
any combination thereof to complete the MT1J cell.

The second top electrode 1202 and the bottom electrode
502 may be coupled to independent wire traces or other
electrical interconnections to provide access to the MTJ cell
to read and/or write a data bit to a magnetic domain carried by
a free magnetic layer within the MTJ stack 804. More par-
ticularly, a read/write current may be used to detect/alter a
direction of a magnetic field of the free layer, where the
direction of the magnetic field represents a digital value. In a
particular embodiment, the MTJ structure 1200 can be used
as part of a larger circuit device to implement to a logic
process, to store data, or any combination thereof.
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In a particular embodiment, the process of forming an MTJ
cell as described with respect to FIGS. 5-12 produces an MTJ
device with improved reliability over conventional MTJ
structures. The sacrificial layer 508 illustrated in FIG. 5 and
the sacrificial layer 608 illustrated in FIGS. 6-10 reduce or
eliminate erosion, oxidation, and corner rounding of the top
electrode 606, improving electrical contact resistance and
overall integrity of MT1J cell. Additionally, by using the sac-
rificial layer 508 and 608, for example, a risk of exposing a
sidewall of the MT]J structure during an etching process is
reduced. In a particular example, the sacrificial film layers
508 and 608 can be selected to have a chemical nature similar
to the spacer film 902 or to other capping layers, which do not
interfere with the performance of the MTJ device 1200. In a
particular embodiment, a chemical structure of the sacrificial
layer 508 and 608 is selected so that the sacrificial layer can be
thin relative to a thickness of the top electrode 606 while still
providing sufficient protection to prevent corner rounding of
the top electrode. Additionally, the sacrificial layer 508 and
608 can be selected to have a chemical structure that has little
or no impact on a resolution of the pattern definition with
respecttothe APF layer 510 and 610 illustrated in FIGS. 5 and
6, to allow for an accurate transfer of the pattern definition to
define the top electrode 606. In a particular embodiment, the
sacrificial layer thickness is selected to have a photo resolu-
tion having a range of approximately 10 angstroms to
approximately 5000 angstroms.

FIGS. 13 and 14 are flow diagrams illustrating a particular
embodiment of a method of forming a magnetic tunnel junc-
tion (MTJ) cell on a substrate. At 1302, a bottom electrode is
deposited on a substrate. The bottom electrode may be depos-
ited from Titanium (Ti), Ruthenium (Ru), Tantalum (Ta),
another electrically conductive material, or any combination
thereof. Moving to 1304, multiple magnetic tunnel junction
(MT1I) layers are deposited, including a tunnel barrier sand-
wiched between two magnetic film layers to form an MTJ
structure. Typically, the two magnetic film layers are depos-
ited from a ferromagnetic material and the tunnel barrier (i.e.,
tunnel junction layer) is deposited/oxidized from a target
material. Continuing to 1306, a top electrode is deposited on
the MTJ structure. Proceeding to 1308, a sacrificial cap film
layer is deposited over the top electrode to protect the top
electrode. Advancing to 1310, a magnetic anneal process is
performed to orient a magnetic field associated with a fixed
layer (i.e., at least one of the two magnetic film layers).

Moving to 1312, an advanced patterning film (APF) layer
is deposited over the sacrificial film layer. The APF film layer
may be selected from a large number of photo-resistive mate-
rials to receive a pattern definition. Continuing to 1314, a hard
mask layer is deposited on the APF film layer. At 1316, a
bottom anti-reflective coating (BARC) with photo-resistive
(PR) material layer is deposited over the hard mask layer. An
example of a resulting structure is illustrated at FIG. 5. Con-
tinuing to 1318, a photo-resist process is performed to apply
aphoto-resist pattern definition to the structure. Proceeding to
1320, the photo-resistive material and the BARC layer are
stripped, and the method advances to 1322, which is contin-
ued at FIG. 14.

Referring to FIG. 14, at 1322, the method advances to 1402
and the hard mask, the APF film layer, and the sacrificial
layer, and the top electrode are etched according to the photo-
resist pattern definition (see, e.g., FIG. 6). Moving to 1404,
the APF and hard mask layers are stripped (see, e.g., FIG. 7).
Continuing to 1406, the MTJ stack and optionally the bottom
electrode are etched using the sacrificial layer and the top
electrode as a hard mask (see, e.g., FIG. 8). Proceeding to
1408, a spacer cap film layer is deposited over the structure,
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which includes the sacrificial layer. Advancing to 1410, an
inter-layer dielectric layer (IDL) is deposited. An example of
a structure resulting from 1408 and 1410 is shown at FIG. 9.

Continuing to 1412, a Chemical-Mechanical Planarization
(CMP) process is performed on the inter-layer dielectric
(IDL), stopping at the spacer cap film layer (e.g., FIG. 10).
Moving to 1414, the spacer cap film layer is etched to expose
the top electrode (e.g., FIG. 11). Proceeding to 1416, the
structure is pre-cleaned and a second top electrode is depos-
ited over the top electrode (e.g., FIG. 12). Continuing to 1418,
a photo-etch process is performed on the top electrode, the
bottom electrode, or any combination thereof. The method
terminates at 1420.

FIG. 15is a flow diagram of a second particular illustrative
embodiment of a method of forming an MTJ cell on a sub-
strate. At 1502, a magnetic tunnel junction (MTJ) structure is
deposited on a substrate, where the MTJ structure includes a
conductive layer (e.g., a bottom electrode). The MT]J struc-
ture includes a tunnel junction sandwiched between two mag-
netic layers. In a particular embodiment, an anneal process
may be performed on the MTJ structure to define a magnetic
orientation of at least one of the magnetic layers (i.e., a fixed
magnetic layer) of the MT1J structure to form a MTJ device. A
top electrode layer may be deposited on the MTJ structure.
Advancing to 1504, a sacrificial layer is deposited on the top
conductive layer (i.e., a top electrode) before depositing
advanced patterning film (APF), hard mask, and photo-resist
film layers. In a particular embodiment, sacrificial layer is an
electrically insulating material, such as Silicon Oxynitride,
Silicon Carbon, Silicon Nitride, or Titanium Nitride. In a
particular embodiment, the sacrificial layer thickness is
selected to have a photo resolution having a range of approxi-
mately 10 angstroms to approximately 5000 angstroms.

Moving to 1506, advanced patterning film (APF), hard
mask, and photo-resistive layers are deposited on the sacrifi-
cial film layer. Continuing to 1508, at least one pattern defi-
nition is applied to the photo-resist, hard mask, APF, sacrifi-
cial, and top electrode layers. Proceeding to 1510, photo-
resist, hard mask, and APF materials are removed according
to the at least one pattern definition and an MTJ etching
process is performed. In a particular embodiment, a photo-
resist/bottom anti-reflective coating (BARC) defines a pattern
and transfers the pattern to the hard mask through etching.
The photo-resist/ BARC and hard mask transfer a pattern to
the APF, sacrificial, and top electrode layers. The hard mask
and APF layers are stripped, and an MT]J etching process is
performed.

Moving to 1512, a spacer layer and an inter-layer dielectric
layer are deposited. In a particular embodiment, the spacer
layer includes a non-magnetic film material. In a particular
example, the sacrificial layer may be deposited from the same
material as the spacer layer. Continuing to 1514, a portion of
the inter-layer dielectric layer is removed to expose a portion
of'the spacer layer. Proceeding to 1516, a Chemical-Mechani-
cal Planarization (CMP) process is performed to expose the
conductive layer. In a particular embodiment, the exposed
conductive layer and the second conductive layer are electri-
cally conductive materials, such as Tantalum (Ta), Titanium
(Ti), Ruthenium (Ru), other conductive metals, or any com-
bination thereof. In a particular example, the CMP process
can remove the sacrificial layer. Advancing to 1518, a second
conductive layer is deposited onto the exposed conductive
layer to produce an MTJ device. In a particular example, the
second conductive layer is deposited after the sacrificial layer
is removed. The method terminates at 1520.

In a particular embodiment, a magnetic tunnel junction
(MTI) structure may be deposited on a first electrode (i.e., a
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bottom electrode), where the MT1J structure includes a tunnel
barrier layer sandwiched between two magnetic material lay-
ers. A second electrode (i.e., a top electrode) is deposited on
the MT1J structure, and a sacrificial cap layer is deposited on
the second electrode before deposition of advanced pattern-
ing film (APF), hard mask, and photo-resist/bottom anti-
reflective coating (BARC) layers. In a particular example, the
sacrificial cap layer is adapted to reduce oxidation and ero-
sion of the second electrode during at least one patterning
process. Additionally, a magnetic anneal process may be
applied to the structure before deposition of the APF, hard
mask, and photo-resist/ BARC film layers. The magnetic
anneal process is setup orient a magnetic field associated with
at least one of the two magnetic film layers.

In a particular embodiment, an APF film layer is deposited
on the sacrificial cap layer. A hard mask layer is deposited on
the APF film layer. An anti-reflective layer including photo-
resistive material is deposited on the hard mask layer. A
pattern definition process is performed to define a pattern
onto the photo-resist, the anti-reflective layer, and the hard
mask layer via a hard mask etching process. The photo-resist/
BARC is stripped. The hard mask transfers the pattern to the
APF, sacrificial, and the second electrode by a second etching
process. The hard mask and the APF are stripped. Finally, an
MT]J etching process is performed to transfer the pattern to
MT]J stack.

In aparticular embodiment, a spacer layer is deposited over
the MT]J structure, an inter-layer dielectric layer is deposited
over the spacer layer, and portions of the inter-layer dielectric
layer are selectively removed to a level that exposes a portion
of the spacer layer. A chemical-mechanical Planarization
(CMP) process can be performed to selectively remove por-
tions of the inter-layer dielectric layer, the spacer layer, and
the sacrificial layer to expose the second electrode at a planar
surface. The second conductive layer is deposited onto the
planar surface, where the second conductive layer is physi-
cally and electrically coupled to the second conductor.

One particular advantage provided by embodiments of the
disclosed methods of forming a magnetic tunnel junction
(MT1I) structure is that a sacrificial cap layer protects a top
electrode of the MT1J structure during a lithography and etch-
ing (or photo-etching) process to reduce oxidation, erosion
and corner rounding. Another particular advantage is pro-
vided in that a sacrificial layer that is deposited on a top
electrode, before applying an advanced patterning film for
photo-etching, reduces recesses at a sidewall of the MTJ
structure. In a particular example, the sacrificial layer reduces
undesired erosion or etching of the top electrode and of the
sidewalls of the M'TJ structure during a top cap layer etching
process that opens a contact window for the top electrode.
Still another particular advantage is provided in that a second
top electrode clean and deposit process window is improved,
i.e., enlarged, and the overall reliability of MTJ process and
resulting MT1J structure is also improved.

FIG. 16 is a block diagram of a representative wireless
communications device including a memory device having a
plurality of MTJ cells. FIG. 16 is a block diagram of an
illustrative embodiment of a communications device 1600
including a memory array of MT1J cells 1632 and a magneto-
resistive random access memory (MRAM) including an array
of MT1 cells 1666, which are coupled to a processor, such as
a digital signal processor (DSP) 1610. The communications
device 1600 also includes a cache memory device of MTJ
cells 1664 that is coupled to the DSP 1610. The cache
memory device of MTJ cells 1664, the memory array of MTJ
cells 1632 and the MRAM device including multiple MTJ
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cells 1666 may include MTIJ cells formed according to a
process, as described with respect to FIGS. 5-15.

FIG. 16 also shows a display controller 1626 that is coupled
to the digital signal processor 1610 and to a display 1628. A
coder/decoder (CODEC) 1634 can also be coupled to the
digital signal processor 1610. A speaker 1636 and a micro-
phone 1638 can be coupled to the CODEC 1634.

FIG. 16 also indicates that a wireless controller 1640 can be
coupled to the digital signal processor 1610 and to a wireless
antenna 1642. In a particular embodiment, an input device
1630 and a power supply 1644 are coupled to the on-chip
system 1622. Moreover, in a particular embodiment, as illus-
trated in FIG. 16, the display 1628, the input device 1630, the
speaker 1636, the microphone 1638, the wireless antenna
1642, and the power supply 1644 are external to the on-chip
system 1622. However, each can be coupled to a component
of'the on-chip system 1622, such as an interface or a control-
ler.

Those of skill would further appreciate that the various
illustrative logical blocks, configurations, modules, circuits,
and algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, configurations,
modules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such function-
ality is implemented as hardware or software depends upon
the particular application and design constraints imposed on
the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular
application, but such implementation decisions should not be
interpreted as causing a departure from the scope of the
present disclosure.

The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the disclosed embodiments. Various modifications to these
embodiments will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the disclosure. Thus, the present disclosure is not
intended to be limited to the embodiments shown herein but is
to be accorded the widest scope possible consistent with the
principles and novel features as defined by the following
claims.

What is claimed is:

1. A method comprising:

forming a magnetic tunnel junction (MTJ) structure

including a conductive layer on a substrate;

depositing a sacrificial layer on the conductive layer, the

sacrificial layer comprising silicon carbon;
depositing an amorphous carbon layer on the sacrificial
layer, the sacrificial layer selected to have a chemical
structure having substantially no impact on a resolution
of a pattern definition with respect to the amorphous
carbon layer;
depositing one or more hard mask and photo-resist layers
on the amorphous carbon layer deposited on the sacrifi-
cial layer, the amorphous carbon layer located between
the sacrificial layer and the one or more hard mask and
photo-resist layers;
patterning and removing the one or more hard mask and
photo-resist layers and the amorphous carbon layer; and

depositing a non-magnetic spacer film on an exposed por-
tion of the sacrificial layer, wherein the sacrificial layer
is comprised of the same material as the non-magnetic
spacer film.
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2. The method of claim 1, further comprising applying at
least one pattern definition to the one or more hard mask and
photo-resist layers and to the amorphous carbon layer.

3. The method of claim 2, further comprising removing the
one or more hard mask and photo-resist layers and the amor-
phous carbon layer according to the at least one pattern defi-
nition.

4. The method of claim 2, further comprising patterning
and removing the sacrificial layer.

5. The method of claim 4, further comprising depositing a
second conductive layer on the conductive layer after the
sacrificial layer is removed.

6. The method of claim 1, wherein the conductive layer
comprises titanium (T1), ruthenium (Ru), or a combination
thereof.

7. The method of claim 1, wherein a thickness of the
sacrificial layer is selected to have a photo resolution having
a range of approximately 10 angstroms to approximately
5000 angstroms.

8. The method of claim 1, further comprising annealing the
MT1J structure to define a magnetic orientation of a fixed layer
of the MTJ structure to form a MTJ device.

9. A method comprising:

depositing a first electrode on a substrate;

forming a magnetic tunnel junction (MTJ) structure on the

first electrode, the MTJ structure including a tunnel bar-
rier layer between two magnetic layers;
depositing a second electrode on the MTJ structure;
depositing a sacrificial cap layer on the second electrode
before deposition of an amorphous carbon layer, the
sacrificial cap layer to reduce oxidation and erosion of
the second electrode during at least one patterning pro-
cess, the sacrificial cap layer comprising silicon carbon;

depositing the amorphous carbon layer on the sacrificial
cap layer, the sacrificial cap layer selected to have a
chemical structure having substantially no impact on a
resolution of a pattern definition with respect to the
amorphous carbon layer;

depositing a hard mask layer and a photo-resist layer on the

amorphous carbon layer, the amorphous carbon layer
located between the sacrificial cap layer and the hard
mask layer;
patterning and removing the hard mask layer, the photo-
resist layer, and the amorphous carbon layer; and

depositing a non-magnetic spacer layer over an exposed
portion ofthe sacrificial cap layer, wherein the sacrificial
cap layer is comprised of the same material as the non-
magnetic spacer layer.

10. The method of claim 9, further comprising performing
a magnetic anneal process on the MTJ structure to orient a
magnetic field associated with at least one of the two mag-
netic layers.

11. The method of claim 10, wherein the photo-resist layer
comprises an anti-reflective layer.

12. The method of claim 9, further comprising:

performing a pattern definition process to define at least

one pattern onto the photo-resist layer prior to removing
the photo-resist layer, the hard mask layer, and the amor-
phous carbon layer;

selectively removing portions of the photo-resist layer, the

hard mask layer, the amorphous carbon layer, the sacri-
ficial cap layer, and the second electrode according to the
atleast one pattern to expose the portion of the sacrificial
layer; and

removing the photo-resist layer, the hard mask layer, and

the amorphous carbon layer.

12

13. The method of claim 12, further comprising:

after depositing the non-magnetic spacer layer, depositing
an inter-layer dielectric layer over the non-magnetic
spacer layer;

5 selectively removing a portion of the inter-layer dielectric
layer to a level that exposes a portion of the non-mag-
netic spacer layer; and

performing a Chemical-Mechanical Planarization (CMP)
process to selectively remove portions of the inter-layer
dielectric layer, the non-magnetic spacer layer, and the
sacrificial cap layer to expose the second electrode at a
substantially planar surface.

14. The method of claim 13, further comprising depositing

a conductive layer onto the substantially planar surface of the

15 second electrode, wherein the conductive layer is coupled to

the second electrode.

15. A method comprising:

forming a magnetic tunnel junction (MTJ) structure
including a tunnel barrier layer between two magnetic
layers;

depositing a top electrode on the MTJ structure;

depositing a sacrificial cap layer onto the top electrode
before depositing an amorphous carbon layer onto the
top electrode, the sacrificial cap layer comprising silicon
carbon;

depositing the amorphous carbon layer on the sacrificial
cap layer, wherein the sacrificial cap layer is selected to
have a chemical structure having substantially no impact
on a resolution of a pattern definition with respect to the
amorphous carbon layer;

depositing ahard mask layer and a photo-resist layer on the
amorphous carbon layer, wherein the amorphous carbon
layer is located between the sacrificial cap layer and the
hard mask layer;

patterning and removing the hard mask layer, the photo-
resist layer, and the amorphous carbon layer; and

depositing a non-magnetic spacer layer over an exposed
portion of the sacrificial cap layer, wherein the sacrificial
cap layer is comprised of the same material as the non-
magnetic spacer layer.

16. The method of claim 15, further comprising:

performing a first photo patterning process to define a
pattern in the hard mask layer and the photo-resist layer
to pattern the hard mask layer and the photo-resist layer;

selectively removing a portion of the hard mask layer and
of the photo-resist layer according to the defined pattern;

removing the photo-resist layer; and

performing a second etching process to transfer a second
pattern to the amorphous carbon layer, the sacrificial cap
layer, and the top electrode.

17. The method of claim 16, further comprising:

removing the hard mask layer and the amorphous carbon
layer; and

defining the second pattern on the MT1J structure using the
sacrificial cap layer and the top electrode as a hard mask.

18. The method of claim 17, further comprising selectively

removing a portion of the MTIJ structure according to the
second pattern.

19. The method of claim 18, further comprising:

o  after depositing the non-magnetic spacer layer, depositing
an inter-layer dielectric layer over the non-magnetic
spacer layer;

selectively removing a portion of the inter-layer dielectric
layer to expose a portion of the non-magnetic spacer
layer that is proximate to the sacrificial cap layer;

performing a Chemical Mechanical Planarization (CMP)
process to remove a portion of the inter-layer dielectric
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layer, the non-magnetic spacer layer, and the sacrificial
cap layer to define a substantially planar surface and to
expose the top electrode at the substantially planar sur-
face; and

depositing a conductive layer over the top electrode.

20. The method of claim 9, wherein a thickness of the
sacrificial cap layer is selected to have a photo resolution of
approximately 10 angstroms.

21. The method of claim 9, wherein the sacrificial cap layer
is configured to reduce corner rounding of the second elec-
trode during at least one patterning process and to reduce
exposure of a sidewall of the MTJ structure during the at least
one patterning process.
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